Osteogenic differentiation of cultured rat and human bone marrow cells on the surface of zinc-releasing calcium phosphate ceramics.
Rat and human bone marrow cells (BMCs) were cultured on a composite ceramic of zinc-containing beta-tricalcium phosphate and hydroxyapatite (ZnTCP/HAP) with a (Ca+Zn)/P molar ratio of 1.60 and varying zinc contents. After a 2-week culture of the BMCs in the presence of beta-glycerophosphate and dexamethasone, many macroscopic mineralized areas with high alkaline phosphatase (ALP) activity were seen on the ZnTCP/HAP ceramic disks. The ALP activity increased with increasing zinc content in the ceramics. The highest ALP activity was observed when the BMCs were cultured on the ceramics with 1.26 wt % zinc, and the ceramics released zinc ions at concentrations from 2.2 to 7.2 microg/mL into the culture medium. Zinc ions were incorporated into mineralized areas produced by BMCs. BMCs also were directly cultured onto the culture dish surface, and the addition of 100 microM of free ZnCl(2) (6.5 microg/mL) to the culture medium significantly increased the ALP activity of the BMCs relative to the culture medium without the ZnCl(2)addition. The maximum zinc concentration required to enhance mineralization was higher in human BMCs than in rat BMCs. The present study demonstrates the superiority of ZnTCP/HAP ceramics over TCP/HAP in supporting the osteogenic differentiation of BMCs, and thus these ceramics are safe and useful in clinical settings, such as for bone reconstructive surgery.